The density of states (DOS) is essentially the number of different states at a particular energy level that electrons are allowed to occupy, i.e. the number of electron states per unit volume per unit energy. Bulk properties such as specific heat, paramagnetic susceptibility, and other transport phenomena of conductive solids depend on this function. DOS calculations allow one to determine the general distribution of states as a function of energy and can also determine the spacing between energy bands in semi-conductors\(^{[1]}\).
Dispersion Relations: \[ \omega = \nu_s q\nonumber\] \[ \nu_s = \sqrt{\dfrac{Y}{\rho}}\nonumber\]
In equation (1) , the temporal factor, \(-\omega t\) can be omitted because it is not relevant to the derivation of the DOS\(^{ [2] }\). So now we will use the solution:
To begin, we must apply some type of boundary conditions to the system. The easiest way to do this is to consider a periodic boundary condition. With a periodic boundary condition we can imagine our system having two ends, one being the origin, 0, and the other, \(L\). We now say that the origin end is constrained in a way that it is always at the same state of oscillation as end L\(^{ [2] 
}\).
This boundary condition is represented as: \( u(x=0)=u(x=L)\)
Now we apply the boundary condition to equation (2) As \(L \rightarrow \infty , q \rightarrow \text{continuum}\).
We now have that the number of modes in an interval \(dq\) in \(q\)-space equals:
Using the dispersion relation we can find the number of modes within a frequency range \(d\omega\) that lies within\((\omega,\omega+d\omega)\). This number of modes in that range is represented by \(g(\omega)d\omega\), where \(g\omega\) is defined as the density of states.
So now we see that \(g(\omega) d\omega =\dfrac{L}{2\pi} dq\) which we turn into: \(g(\omega)={(\frac{L}{2\pi})}/{(\frac{d\ omega}{dq})}\)
We do so in order to use the relation: \(\dfrac{d\omega}{dq}=\nu_s\) and obtain: \(g(\omega) = \left(\dfrac{L}{2\pi}\right)\dfrac{1}{\nu_s} \Rightarrow (g(\omega)=2 \left(\dfrac{L}{2\pi} we multiply by a factor of two be cause there are modes in positive and negative \(q\)-space, and we get the density of states for a phonon in 1-D:
2-D
We can now derive the density of states for two dimensions. Equation (2) 
3-D
We can now derive the density of states for three dimensions. Equation (2) 
Density of States for Electrons
Now that we have seen the distribution of modes for waves in a continuous medium, we move to electrons. The calculation of some electronic processes like absorption, emission, and the general distribution of electrons in a material require us to know the number of available states per unit volume per unit energy. The density of states is once again represented by a function \(g(E)\) which this time is a function of energy and has the relation \(g(E)dE\) = the number of states per unit volume in the energy range: \((E, E+dE)\).
We begin by observing our system as a free electron gas confined to points \(k\) contained within the surface. We do this so that the electrons in our system are free to travel around the crystal without being influenced by the potential of Taking a step back, we look at the free electron, which has a momentum,\(p\) and velocity,\(v\), related by \(p=mv\).
Since the energy of a free electron is entirely kinetic we can disregard the potential energy term and state that the energy, \(E = \dfrac{1}{2} mv^2\)
Using De-Broglie's particle-wave duality theory we can assume that the electron has wave-like properties and assign the electron a wave number \(k\) (2\pi)}^3}4\pi{(\dfrac{2 m^{\ast}}{\hbar^2})}^2{(\dfrac{2 m^{\ast}}{\hbar^2})}^{-1/2}) 
We have now represented the electrons in a 3 dimensional \(k\)-space, similar to our representation of the elastic waves in \(q\)-space, except this time the shell in \(k\)-space has its surfaces defined by the energy contours \(E(k)=E\) and \(E(k)=E+dE\), thus the number of allowed \(k\) values within this shell gives the number of available states and when divided by the shell thickness, \(dE\), we obtain the function \(g(E)\)\(^{[2]}\).
we must now account for the fact that any \(k\) state can contain two electrons, spin-up and spin-down, so we multiply by a factor of two to get:
The above expression for the DOS is valid only for the region in \(k\)-space where the dispersion relation \(E =\dfrac{\hbar^2 k^2}{2 m^{\ast}}\) applies. As the energy increases the contours described by \(E(k)\) become nonspherical, and when the energies are large enough the shell will intersect the boundaries of the first Brillouin zone, 
